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Abstract. In assessing a ﬂood event two risk components
need to be considered: the intrinsic hazard of the hydrome-
teorological event causing the ﬂood and the vulnerability of
the area where the precipitation has been registered. In the
present study four ﬂood events selected by the FLASH Eu-
ropean project have been classiﬁed according to the charac-
teristics of the meteorological event (classiﬁcation according
to hazard) and according to the physical and economic dam-
ages caused (classiﬁcation according to vulnerability). The
social impact of these events is analysed taking into account
the growth of the population. An increase in the number of
extraordinary ﬂash-ﬂoods was detected in the areas with a
major growth of the population, as a consequence of an in-
creasedvulnerabilityoftheseareas, bothfromaphysicalper-
spective (exposure of infrastructures) and from an economic
perspective (more goods exposed). In addition, the numer-
ous non-native inhabitants of the region are not aware of the
meteorological risks characteristic of the area, and this con-
tributes to increased social vulnerability.
1 Indroduction: ﬂood risk, vulnerability and resilience
Water is a vital resource, but beyond the acceptable thresh-
olds it becomes a risk. When the upper threshold is surpassed
the ﬂood risk is considered, but when values are below the
lowest threshold, there is a drought risk. These thresholds are
non-stationary over time. The lifestyle of developed coun-
tries is leading to a narrower rage of tolerance, and this fact,
combined with an increase of the population and other fac-
tors, points towards higher vulnerability. In parallel, the last
IPCC (2007) shows an increase of the extreme hazard as a
consequence of climate change. If both increases in hazards
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and vulnerability occur at the same time, then we will be
speaking about a severe increase in some natural risks.
Nowadays it seems that this increase in some natural haz-
ards is already taking place. However, in some regions it is
still too soon to determine whether this is a trend caused by
climate change, whether it lies within the boundaries of nat-
ural climatic variability, or whether it is only associated with
the increased vulnerability. Changes in social perception
should also be added to the intrinsic difﬁculties in analyzing
changes in hazard and vulnerability. This social perception is
highly inﬂuenced by the press, which focuses mainly on the
vulnerability component of risk (casualties, damages, losses)
and less so on the actual hazard, and that depends on other
social circumstances (Llasat et al., 2007).
In Europe, ﬂoods have been recently recognized as a ma-
jor natural risk because of their frequency of occurrence and
also because of the intensity of the precipitation registered.
Within the boundaries of the Iberian Peninsula, Catalonia is
one of the most affected areas. In fact, a total of 217 ﬂood
events were registered in Catalonia between 1901 and 2000,
mostofthemnearthecoast(BarnolasandLlasat, 2007). Cat-
alonia, and especially the coast, is particularly vulnerable to
ﬂash-ﬂoods. This vulnerability reveals itself from a physical
point of view (residential areas are built on ﬂoodable land)
and from a social point of view (increased population den-
sity, a growing number of foreigners who are not familiar
with the risks in the area and do not know how to react, a
lack of information campaigns in relation with these risks).
The aim of this paper is to clasify the main ﬂood events
recorded in Catalonia between 2005 and 2006. A classiﬁ-
cation that enables a ﬂood event to be described according
to its hazard (type of precipitation) and according to its vul-
nerability (type of damage) has been applied. Additionally,
an analysis was made of the extent to which higher popula-
tion density has increased the vulnerability in certain coastal
areas of Catalonia.
Published by Copernicus Publications on behalf of the European Geosciences Union.64 M. C. Llasat et al.: Flash-ﬂoods in Catalonia
Table 1. Maximum rainfall values recorded in 24h and maximum
rainfall values registered in the ﬁrst three days of the event.
Case Max. Accum. Max. Accum. Total Type of
studies 24 h period time ﬂood
2/8/05 57.1 57.1 24h 1
11–13/10/05 254.4 348.2 72h 2b
13–15/11/2005 120 148.1 72h 2b
12–14/09/2006 216 266.1 72h 2b
2 Floods and ﬂash ﬂoods in Catalonia in the 21st cen-
tury
Catalonia is a region located in the NE of the Iberian Penin-
sula (Fig. 1), with an area of about 31930km2. The region is
surrounded by the Mediterranean Sea to the East, the Pyre-
nees to the North and the Valley of the River Ebro to the
West. With respect to the topography of the area, in the North
the average altitude of the Pyrenees is 3000m, and there are
two different mountain ranges running parallel to the coast:
the littoral range with an altitude of 1700m, and the pre-
littoral range with an average altitude of 700m. Bearing in
mind these topographic features, three types of rivers may be
distinguished:
a. High-mountain-rivers of pluvial snowmelt origin with
large basins (>2000km2) and perennial ﬂows.
b. Rivers of pre-littoral rainfall origin with modest basins
(50–2000km2) and ﬂows. Some of them have
ephemeral streams.
c. Short littoral water courses with considerable slope and
characterized by torrential regimes and non-permanent
ﬂows and small basins (5–50km2).
2.1 Types of ﬂoods and historical ﬂood classiﬁcation
Taking into account the topography and the types of rivers
described above, and considering the meteorological charac-
teristics of the precipitation event, a typology of ﬂoods in
Catalonia has been set up according to their hazard and po-
tential impact (Llasat, 2008). Convective features of the rain-
fallﬁeldatsurfacehavealsobeentakenintoaccountbyusing
the β parameter, deﬁned as the ratio between convective pre-
cipitation and total precipitation (Llasat, 2001; Llasat et al.,
2007). The type of precipitation structures is also considered
in the classiﬁcation (Rigo and Llasat, 2004; Doswell et al.,
1996)
– Type 1: Short-lived events of very intense precipitation
but for which the total amount of rainfall is not usually
very high. They are strongly convective events caused
 
 
      
 
Figure 1. Map of Catalonia. Black lines represent the Internal Basins of Catalonia, the 
zone affected by the case studies analyzed here. 
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Fig. 1. Map of Catalonia. Black lines represent the Internal Basins
of Catalonia, the zone affected by the case studies analyzed here.
by isolated cells or multicells with a limited horizon-
tal extension. They appear during summer and early
autumn and produce local ﬂash-ﬂoods in rivers of type
c. They affect mainly the narrow river beds near the
coast in densely inhabited and tourist regions, causing
minordamagebutsweepingawaycarsparkedinthewa-
ter courses or in adjoining streets. Casualties are usually
the result of the unwise behaviour of people.
– Type 2: Episodes of heavy rain sustained for several
hours, which may lead to catastrophic ﬂoods due to the
daily rainfall amount or widespread extension. Con-
vective rainfall is generally caused by multicells or
mesoscale convective systems. These events usually
occur in autumn, although some cases have also been
recorded in spring or summer. It is possible to distin-
guish between two subclasses. Type 2a lasts less than
24h and the maximum precipitation is usually regis-
tered in less than 6h. They are strongly convective
events and may cause catastrophic ﬂash ﬂoods in rivers
of type b and c. When they affect ﬂood-prone areas with
high concentrations of people, they may cause the high-
est number of casualties. Type 2b lasts more than 24h
but generally less than four days. Peaks of strong rain-
fall intensity and moderate but continuous rainfall are
recorded successively. Consequently, they are moderate
convective events, and while they can also produce lo-
calﬂashﬂoodsinriversoftypec, theﬂoodsoccurringin
rivers of type b and, sometimes in type a, are the most
signiﬁcant. Damages caused by catastrophic ﬂoods of
this second type include total or partial destruction of
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Figure 2. Map of Catalonia showing the catchments (yellow) and municipalities (green) 
affected by the flash-flood events selected into the FLASH project. a) 2 August 2005; b) 
11-15 October 2005; c) 13-15 November 2005; d) 12-14 September 2006. 
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Fig. 2. Map of Catalonia showing the catchments (yellow) and municipalities (green) affected by the ﬂash-ﬂood events selected into the
FLASH project. (a) 2 August 2005; (b) 11–15 October 2005; (c) 13–15 November 2005; (d) 12–14 September 2006.
infrastructures, power cuts, urban ﬂoods, agricultural
and livestock losses and, frequently, human casualties.
– Type 3: Episodes of long duration with weak average
pluviometric values, while there may be peaks of high
intensity. Total precipitation can be over 200mm. If
ﬂoods occur, they are usually in rivers of type a and
b. They are “slightly convective events”, usually asso-
ciated with convection embedded in stratiform rainfall.
Although not very frequent, they usually occur in winter
and, sometimes, in spring.
This classiﬁcation cannot be applied to historical ﬂoods
for which the only information available relates to social im-
pact and some scant data about the evolution of the event. In
this case the classiﬁcation has been established according to
damage, and three types of ﬂoods have been distinguished
(Llasat et al., 2003b):
– “Ordinary ﬂoods” are those that cause hardly any dam-
age.
– “Extraordinary ﬂoods” are those that cause minor or
partial damage to infrastructures or the partial destruc-
tion of the infrastructures built over rivers, such as
wooden bridges, footbridges, etc.
– “Catastrophic ﬂoods” cause the total destruction of in-
frastructures (bridges, houses, factories, etc.) and sig-
niﬁcant material damage.
This last scale can be also applied to recent events, in order
to build up a common series starting some centuries ago and
ending nowadays (Barrera et al., 2006)
2.2 The selected FLASH events
The most important catastrophic ﬂood recorded in Catalonia
in the 21th century occurred on 10 June 2000, with 215mm
of rain registered in three hours, economic losses of over
C65million and ﬁve casualties. It was an event of type 2a.
This event, known as the “Montserrat” event, had a major so-
cietal impact, and it has been studied in detail as an example
of Mediterranean ﬂash ﬂoods by many national and inter-
national projects (Llasat et al., 2003a; Mariani et al., 2005;
Milelli et al., 2005).
However, the Montserrat ﬂood has not been the last ﬂash
ﬂood to affect Catalonia. Since June 2000, eleven extraordi-
nary ﬂoods or ﬂash-ﬂood events have affected this region.
Four of these cases have been selected by the European
Project FLASH as case studies 2 August 2005, 11–15 Oc-
tober 2005, 13–15 November 2005 and 12–14 September
2006. All these events caused ﬂash-ﬂoods over the coastal
region, as shown in Fig. 2. Table 1 shows the accumulated
precipitation for different time intervals and events.
On 2 August 2005 an extraordinary ﬂash ﬂood of type
1 affected the Bes´ os, Tordera and Barcelona catchments
(Fig. 2a), while hail was recorded in several parts of
Catalonia. It was a strongly convective event, with a
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Figure 3. a) Rainfall field between 2 August 2005 at 00 UTC and 3 August 2005 at 00 
UTC; b) β field for the same time interval. 
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Figure 3. a) Rainfall field between 2 August 2005 at 00 UTC and 3 August 2005 at 00 
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Fig. 3. (a) Rainfall ﬁeld between 2 August 2005 at 00:00 UTC and 3 August 2005 at 00:00 UTC; (b) β ﬁeld for the same time interval.
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Figure 4. a) Rainfall field between 11 October 2005 at 00 UTC and 14 October 2005 at 
00 UTC; b) β field for the same time interval. 
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Fig. 4. (a) Rainfall ﬁeld between 11 October 2005 at 00:00 UTC and 14 October 2005 at 00:00 UTC; (b) β ﬁeld for the same time interval.
maximum of 56mm in 1h and 571 mm in 24h (Fig. 3a).
In some regions more than 80% of the precipitation was con-
vective (Fig. 3b). One man died because he was swept away
by the current while he was driving his tractor. There were
damages in crops, road cuts, railway cuts and power cuts.
Between 11 October 2005 and 15 October 2005 several
catastrophic ﬂoods of type 2b, as well as landslides, affected
the Central and Northern coast (Fig. 2b). Flash-ﬂoods oc-
curred on 13th October in the Maresme as well as in the
rivers Riadura, Dar´ o and Calonge. There were four deaths:
one woman carried away by the stream ﬂow, and three when
they tried to cross the “Riera” in their car. Two bridges
were destroyed, 80% of the harvest in the Alt Empord` a re-
gion was lost, and damage to ground ﬂoors, cellars, cars,
roads, undergroundandrailwaysalsooccurred. Thedamages
in the Costa Brava lay over C12.5million and 6044 claims
were ﬁled with the Consorcio de Compensaci´ on de Seguros
(CCS), the national insurance company. A total of 393.4mm
was registered in 5 days, of which 254mm were registered
on 13th October alone (Fig. 4a). Although it can be consid-
ered as a moderate convective event with values of β under
60% (Fig. 4b), the precipitation on 13th October was highly
convective.
One month later, between 13 and 15 November 2005
an extraordinary ﬂood event of type 2b affected the South
of Catalonia (Fig. 2c). In addition to the rainfalls, water-
spouts, landslides, snowfall, hail and windstorms were also
recorded. The succession of different thunderstorms gave
rise to more than 4000 lightning ﬂashes over the region in
24h. The balance was of one death and one person injured
by a landslide in tunnel works, the Roman Wall of Tarragona
was damaged and in the city of Barcelona the losses lay
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Figure 5. a) Rainfall field between 13 November 2005 at 00 UTC and 16 November 
2005 at 00 UTC; b) β field for the same time interval. 
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Figure 5. a) Rainfall field between 13 November 2005 at 00 UTC and 16 November 
2005 at 00 UTC; b) β field for the same time interval. 
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Fig. 5. (a) Rainfall ﬁeld between 13 November 2005 at 00:00 UTC and 16 November 2005 at 00:00 UTC; (b) β ﬁeld for the same time
interval.  
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Figure 6. a) Rainfall field between 12 September 2006 at 00 UTC and 15 September 
2006 at 00 UTC; b) β field for the same time interval. 
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Figure 6. a) Rainfall field between 12 September 2006 at 00 UTC and 15 September 
2006 at 00 UTC; b) β field for the same time interval. 
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Fig. 6. (a) Rainfall ﬁeld between 12 September 2006 at 00:00 UTC and 15 September 2006 at 00:00 UTC; (b) β ﬁeld for the same time
interval.
over C1.5million. A maximum accumulated precipitation
of 212mm was recorded over the small catchments of the
rivers Foix and Riera de la Bisbal (where ﬂash ﬂoods oc-
curred), with 102mm recorded on 13th November (Fig. 5a).
As in the previous case, it was a moderate convective event
(Fig. 5b).
The last case, which affected the whole of Catalonia, was
characterized by ﬂash-ﬂoods, tornadoes, lightning and land-
slides (Fig. 2d). Between 12 and 14 September 2006 several
extraordinary ﬂash ﬂoods were recorded as a consequence of
rainfalls of between 100 and 250mm in 24h. The event was
of type 2b, with maximum accumulated rainfall of 267mm
in the South of Catalonia, and 256mm in the North (Fig. 6a).
Figure 6b shows that it was a moderately convective event
with the exception of the northern part, where β values ex-
ceeded 70%. One person died while he was sleeping in a
park. This event had a very high social impact. Besides dam-
ages in agriculture and in urban areas, a trafﬁc jam brought
Barcelona to a standstill, 40000 people were affected by rail-
way cuts, the airport of Reus was closed and long delays
were registered at the airport in Barcelona. Ninety cars were
dragged away in Salou, and part of the chemical park in Tar-
ragona was ﬂooded. As a consequence, the emergency Plans
of INUNCAT, PLASEQTA and CAMCAT were activated.
The CCS insurance company paid out C55993194 million
for damages caused by ﬂoods and landslides, and C3.15 mil-
lion for damages caused by tornadoes.
In total, the four cases caused damages of C73M and 7
deaths. Although the meteorological events lasted more than
oneday, and75%ofthecasescouldbeconsideredastype2b,
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Figure 7. Evolution of the payments made by the Consorcio de Compensación de 
Seguros for damages caused by floods, and evolution of the average payments per event 
(amount of money divided by the number of flood events) between 1996 and 2005.   
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Fig. 7. Evolution of the payments made by the Consorcio de Com-
pensaci´ on de Seguros for damages caused by ﬂoods, and evolution
of the average payments per event (amount of money divided by the
number of ﬂood events) between 1996 and 2005.
all the cases recorded ﬂash ﬂoods in small catchments near
the coast, the most densely inhabited part of Catalonia. This
fact will be decisive in the increased number of ﬂash ﬂoods
detected when the criteria used are correlated with damage.
3 Evolution of vulnerability and social impact
3.1 Damage evolution
Eleven extraordinary or catastrophic ﬂood events were
recorded between the years 2000 and 2006. The damages
caused by this type of event have increased considerably
in Catalonia. The damages associated with the Montser-
rat event amounted to C65M, while the damage compen-
sation paid out by the CCS due to ﬂoods in 2005 was
C59892409M, and between July and October 2006 more
than C80M was paid in compensation payments for the
event described above and other less intense events. The to-
tal amount paid out in compensation for damages caused by
this type of phenomena between June 2000 and December
2006 was more than C155M. By comparison, between 1982
and 1989 six catastrophic ﬂoods were recorded in Catalo-
nia, with the ﬂood event of November 1982 being the most
catastrophic one in the Pyrenees region (France and Spain)
in the last 60 years. For this last event, the CCS paid out
C15899787M. It must be pointed out here that the data em-
ployed in this study were provided by the insurance com-
pany (CCS), which means that the damages were certainly
higher, as not all the goods were insured. Figure 7 shows
the positive trend in payments made by the CCS for dam-
ages caused by ﬂoods. The evolution of the maxima for ac-
cumulated rainfall shows that there is no direct relationship
between the rainfall intensity/total and the damages and ca-
sualties. This is due to the fact that in assessing the damage
the intensity of the precipitation must be taken into account,
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Figure 8.  Evolution of the population in Catalonia between 1981 and 2006 
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Fig. 8. Evolution of the population in Catalonia between 1981 and
2006.
but also the economic and social vulnerability of the area
affected by the event. A precipitation of 224mm/24h does
not have the same effect in all regions. The damage depends
on the vulnerability of the area, and one of the most impor-
tant factors to consider here is the occupation of the ﬂood-
prone areas. In this sense, besides the increasing population
in ﬂood-prone areas, a factor to be considered is the behavior
of the population when faced with ﬂash ﬂoods. A total of
nine casualties due to ﬂash-ﬂoods in Catalonia were reported
between 2005 and 2006, 66% of which occurred when peo-
ple tried to cross a stream when the water rose. Most of the
victims were foreigners. This fact points to a major need for
improving information on hydrometeorological risks that can
affect the region, and promoting positive attitudes among the
population.
Figure 7 represents also the evolution of the average pay-
ments per event (amount of money divided by the number
of ﬂoods events). For example, in 1999 there were only two
ﬂood events, but both were classiﬁed as extraordinary, so the
ratio damages/ﬂood event is very high. In 2002, another year
with high losses, there were 9 ﬂood events, 4 of which were
classiﬁed as extraordinary. Finally, in 2005 there were 13
events, 4 of which extraordinary and one, the event on 11
October, caused catastrophic damages. This fact is interest-
ing because it has revealed that in further studies it would be
advisable to carry out these calculations not considering the
total number of ﬂood events, but rather more detailed facts,
e.g., establishing economic thresholds or thresholds of pre-
cipitation intensity. The type of ﬂood (ordinary, extraordi-
nary or catastrophic following the historical criteria) to com-
pute the mean values will not provide accurate results, since
this classiﬁcation considers damages to infrastructures only,
and not all economic losses. A new and more updated clas-
siﬁcation should therefore be set up taking into account eco-
nomic data and casualties.
Adv. Geosci., 17, 63–70, 2008 www.adv-geosci.net/17/63/2008/M. C. Llasat et al.: Flash-ﬂoods in Catalonia 69
15909 p/km2
743 p/km2 1114 p/km2
15909 p/km2
743 p/km2 1114 p/km2
1025 p/km2
1433 p/km2
1025 p/km2
1433 p/km2
 
   a       b  
 
Figure 9. Population density in Catalonia (people/km
2) in 1991 (a) and 2006 (b) 
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Figure 9. Population density in Catalonia (people/km
2) in 1991 (a) and 2006 (b) 
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Fig. 9. Population density in Catalonia (people/km2) in 1991 (a) and 2006 (b).  
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Figure 10. Evolution of the population between 1981 and 2006 for different Catalan 
regions. The map shows the total number of floods recorded between 1901 and 2000; 
the numbers in the map refer to the floods recorded in the most flood-prone areas in the 
same period. 
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Fig. 10. Evolution of the population between 1981 and 2006 for different Catalan regions. The map shows the total number of ﬂoods
recorded between 1901 and 2000; the numbers in the map refer to the ﬂoods recorded in the most ﬂood-prone areas in the same period.
3.2 Floods and population density
The analysis of the evolution of the ﬂoods registered in Cat-
alonia in the past six centuries does not show any signiﬁcant
trend with respect to catastrophic ﬂoods, but a slight increase
in extraordinary ﬂoods (Llasat et al., 2003b). This increase
may be attributed to higher hazard and vulnerability, but it
may also be attributed to more extensive media coverage of
this type of event or to a lower sensitivity threshold in the so-
ciety with respect to this phenomenon. The rise in the num-
ber of extraordinary ﬂoods is particularly noticeable in the
coast and began already in the 19th century. In the case of
the city of Barcelona, although this increase in the number
of extraordinary ﬂoods is also detected, the number of catas-
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trophic ﬂoods has decreased thanks to the drainage system of
the city (Barrera et al., 2006).
The evolution of annual maximum daily precipitation in
Barcelona from 1854 to 2005 does not show any signiﬁcant
trend. The explanation must therefore be found in rising vul-
nerability. In fact, the population of Catalonia has raised
from 5956414 inhabitants in 1981 to 7134697 inhabitants
in 2006. As Fig. 8 shows, a sudden increase has occurred in
the last two years, mainly due to immigration. Allied to this
fact, a movement of the population towards the coast and out-
side the capital, Barcelona, has heterogeneously affected the
evolution of population density. Figure 9 shows a clearly ris-
ing trend in the population density over the last ﬁfteen years,
which is particularly signiﬁcant in coastal regions, with ar-
eas such as La Selva and the Tarragon´ es experiencing a rise
of over 4.7%. The region of Barcelona is the only one that is
seeingadropinpopulation, whichismovingtoliveinnearby
regions that are sometimes not yet prepared to house so many
people, or, in most cases, lie in the most ﬂood-prone areas
(Fig.10). Thishasbeenthecaseofthefourﬂoodeventsanal-
ysed here. Changes in land use caused by urbanisation may
increase the ﬂood hazard, while increased exposure (goods
and human lives) will increase vulnerability. Furthermore,
these areas are also the ones most affected by the future rise
in the sea level due to climate change.
4 Conclusions
An increase in the number of damage events produced by
ﬂash-ﬂoods in Catalonia has been detected. Usually they
are strongly and moderate convective events that produce
extraordinary ﬂoods in small rivers near the coast, like the
four FLASH cases analysed here. This increase has been
mainly related to the increase of vulnerability. The growth
of the population (with its subsequent urban development) in
the towns along the Catalan coast dramatically increases the
physical vulnerability of these areas. The damage in these
regions has also increased considerably due to a higher num-
ber of exposed goods (higher economic vulnerability), as in-
dicated by the increase in the number of extraordinary ﬂoods.
Because of this, for a similar hazard of rain events, the ﬂood
risk is higher due to the increased vulnerability (either phys-
ical or economic). The increase in the number of foreigners
in the most densely populated areas has also resulted in in-
creased societal vulnerability, for these new inhabitants are
not acquainted with the risks of the area. This lack of infor-
mation is often the cause of deaths in this type of event.
No linear relationship may be established between the pre-
cipitation registered and the damage caused without consid-
ering the vulnerability of the zone being assessed. Finally, a
classiﬁcation of ﬂoods adapted to the type of damage regis-
tered nowadays, including casualties and not only infrastruc-
tures, will be the focus of future studies in an attempt to im-
prove the classiﬁcation of ﬂood events and their subsequent
analysis.
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